It is not the purpose of this paper to review the development of knowledge concerning the parts of the ERG. Suffice it to say that from the past works of Granit, 3'4 Karpe, 3 Riggs, 6.7, 8 Armington,9'10'11 Noell, 213 Brown,2 and many others there is excellent evidence that the ERG is made up of various components. These parts are engendered by changes in potential taking place in the outer layers of the TR. AM. OPHTH. Soc., Vol. 59, 1961 retina. From our present information the ERG may be analyzed as follows.
(1) a-WAVE (CORNEAL NEGATIVE POTENTIAL). With few exceptions investigators agree that the a-wave originates in the outermost retinal cells and depends upon the integrity of the outer region of the visual cell.212 For instance, Dowlingl4 has shown that in vitamin A deficiency, there is a loss of a-wave in relation to the degeneration of the outer limbs of the retina. When the total visual cell degenerates the remainder of the ERG disappears as well. Potts, et al.,15 described the specific effect of sodium-l-glutamate on ganglion cells in suckling mice. The drug causes degeneration of the bipolar layer also, leaving the receptor cells intact. The ERG obtained from these animals was essentially a negative or a-wave ERG with no b-wave.
(2) b-WAVE (CORNEAL POSITIVE POTENTIAL). The b-wave depends upon the integrity of the bipolar and the visual cells.2"12 Its smooth portion is thought to be related to scotopic activity. The "humps" on the rising b-wave are believed to represent activity from intraretinal pathways because they disappear in deep anesthesia. ' Karpe, 29 in the discussion of another paper, noted several cases of acute methanol poisoning. In one case he observed an increased a-wave and reduced b-wave. Seven weeks later, with improvement of visual acuity; the a-wave was gone and the b-wave was normal. Five months later, with optic atrophy and diminished visual acuity, the ERG was "subnormal." He mentioned another case examined during the acute stages in which the ERG was of the negative type. This effect was evident in the work of Potts, et al., on ERG in primates. 30 In their investigation of six adult rhesus monkeys in the acute stages of methyl alcohol poisoning, the authors noted a marked reduction of the b-wave and an increase in the a-wave. Histologically the only consistent finding was a cystoid degeneration of the external nuclear layer. ( PATHOLOGY. The pathology is not clear-cut, especially with reference to the rods and cones. However, there is clinico-pathologic evidence of disseminated change in the ganglion cells of the retina and brain (Appendix 2) .
BIOCHEMISTRY. The biochemical changes have been studied at great length but the actual processes by which methanol damages body metabolism are not clearly indicated. The consensus seems to be that methanol or its breakdown products affects carbohydrate metabolism (Appendix 3).
THE ELECTRORETINOGRAM GENERAL DESCRIPTION31 '32 In this laboratory standard clinical electroretinography is performed by placing a contact lens with a corneal electrode on each eye of the patient, a second electrode for each eye on the midbrow area (there is less brow muscle activity there), and a third electrode on the forehead. The third e!ectrode connects to a ground. These electrodes lead to a standard A.C. amplifier for each eye and then to a cathode ray oscilloscope. The oscilloscope sweep is synchronized with the flash of a Grass photic stimulator so that both flash and sweep are triggered simultaneously.
The light flash thus striking the retina creates a mass response of the retina which in turn creates a difference of potential between the corneal electrode and the brow electrode. The potential is noted as a complex wave response on the oscilloscope. In the conventional record- Figure 2 is a photograph of the headband. It was developed to allow minimal brow activity and low resistance between electrode and skin and optimum placement of wires in the vicinity of the eves. The various leads from the headband are connected to a junction box which is then connected to the amplifiers.
'Jardon Laboratory, Detroit, Mlichigan. Shows connections for the right and left corneal electrode.
AMPLIFICATION
The Gilson EEG machine was used.
OSCILLOSCOPE
A dual beam Dumont model 333 was used. Both the amplifier and oscilloscope are checked for optimum operation at regular intervals and are calibrated for each patient.
TECHNIQUE
The patient is first seated in the dimly lighted examining room (.4 foot candles) and the pupils are maximally dilated with a mydriatic (neosynephrine 10 percent or cyclogyl 1 percent). Approximately 30 to 60 minutes is allowed for dilatation. During this period the procedure is explained and the patient becomes adjusted to his or her environment. When the pupils do not contract to an intermittent strong light, a local anesthetic is placed in each cul de sac and the contact lenses are inserted.
The headband (Figures 2 and 3 ) is then placed on the forehead, care being taken to coat the forehead properly with electrode paste. This is necessary since both the ground and indifferent electrodes are placed on the forehead as a part of the headband. All this time the patient has been comfortably seated in an easy chair.
A The whole test is illtustrated in Figure 4 .
NOMENCLATURE
The term ERG as used in this study denotes the electrical response recorded from the corneat over a period of approximately 200 milliseconds foliowinig a light flash. Its main components ( Figure 5 ) are the a-and b-waves which vary in appearance in accordance with stimulus parameters.
The a-wave denotes the early cornea negative phase of the response.
In These "humps" are denoted p2, p3, and p4 (b-sharp).
The ERG has a particular form in response to red light stimulus. A small a-wave is followed by a b-wave consisting of two parts, an early peak (px) and a late peak (po). The early part corresponds to the x-wave ordinarily described in the literature and usually ascribed to cone activity. This peak is missing in protanopes and monochromats. The late peak is missing in congenital stationary night blindness.
MEASUREMENTS OF AM\IPLITUDES AND LATENCIES
Each component of each stimulus response ( Figure 6 ) is measured by ruler and recorded on special procedure forms (enclosure). Amplitudes are recorded in microvolts; latencies and peak times are recorded in milliseconds.
NORNIAL CASES
The electroretinograplhic data refer to normal cases. From the inception of testing, under standard conditions, it was found that repetitive stimuli, at the same examination or at different examination times, generally gave similar results. Age, sex, and race appear to have no substantial effect on our ERGs. It was also found that the two eyes of a normal patient have essentially similar ERGs. The electroretinographic data from one eye of 55 A series of ERGs, selected at random from the normal series, are included in Figure 7 . The similarity in recordings taken from these normal individuals is readily discernible. In Figure 8 superimposed Tables 2A-1OA ). The significance of the difference between the means of the normal group and the group affected by methyl alcohol was evaluated by the t-test for each type of stimulus. The P-values corresponding to the computed t's are given in Table 11 .
ANALYSIS OF ERG RESULTS
Results for each stimulus will be discussed according to the sequence presented in Figure 5 . The 14 patients suffering from methyl alcohol poisoning are first considered as one group and subsequently some individual cases are discussed. b-wave peak time (smooth). There is no sharp peak for the b-wave (a-wave peak time is not measured for this stimulus). The b-wave peak time of the methyl alcohol group is significantly delayed in this series (P _ <.01).
Amplitude. a-wave: The mean a-wave amplitude is almost halved in the methyl alcohol group (P = <.01). b-wave (smooth): Qualitative observation of the tracings suffices to reveal that b-wave amplitude is reduced (P _ <.01).
LO16 (Column 2, Figures 9, 11, 12) . Characteristically, this response consists of a sharp downsweep with a slight hook at the bottom (a-wave) followed by a steeply rising b-wave with a sharp peak.
Latency. The a-wave latency is not measurable but b-wave (n2) latency is significantly increased (P = .02).
b-wave peak time (sharp). From the figures (9) (10) (11) (12) one may note that there is no smooth peak for LO16. The time to the peak of the b-wave is significantly increased, (P = <.01).
Amplitude. a-wave amplitude is substantially reduced (P = <.01); b-wave amplitude is about % normal (P = <.01). The peaks of both aand b-waves are rounded. LO4, 20/second (Column 3, Figures 9, 11, 12) . The normal flicker has a sawtooth appearance. Because of the difficulty in taking accurate measurements from the tracing of this stimulus only b-wave amplitude is measured. Observation of the ERG tracings and the data (Tables 8A, 8B , and 11) reveal that the mean of the b-wave amplitude of the experimental group is about half that of the controls (P = <.01). The top row consists of a normal tracing for each part of the procedure. The normal tracing has been selected from the mid-range of the normal group. On each tracing is a vertical white stripe which signifies 200 microvolts. On one tracing for each case is a horizontal white stripe signifying 50 milliseconds. The measurable tracings for each part of the procedure for each case has been included. Blank spaces signify that the stimulus was not included in the procedure or the tracing was not adequate for accurate measurement. The same statements can be made for D04, 20/second (Column 11, Figures 9, 11, 12 ; Column 6, Figure 10 ) (P < .01).
DOI (Column 4, Figures 9, 11, 12; Column 2, Figure 10 ). This response usually consists of a shallow a-wave followed by a smoothly curving b-wave. Latency. The time of onset for the a-wave cannot be measured accurately nor can the b-wave which possibly accounts for the lack of significance (P = .30). From Table 3A one notes that the standard deviation for the abnormal series is at least three times the value for the normals.
b-wave peak time (smooth) is somewhat delayed (P = .04).
Amplitude. In this series the a-wave is less than half normal (P <.01); b-wave amplitude is reduced but less markedly (P = <.01). D04 (Column 5, Figures 9, 11, 12 ; Column 3, Figure 10 ). The increase in stimulus intensity brings out the a-wave and a sharp peak of the b-wave which is followed by a smooth peak on the downslope. Latenicy. Again, a-wave latency cannot be measured accurately from the tracinlg.
b-twave peak time (sharp). The first peak on the rising slope of the b-wave is called b-sharp and it is most accurately measured. D04 and D016 b-wvaves are rounded in many cases so that b-sharp peak time was only measured in 10 eyes of 28 tested. The peak time would appear significantly increased (P = <.01) in the 10 eyes which had a b (sharp). Amplitude, a-wave. The amplitude is reduced below the normal ranige in 16 out of 25 eves tested (P-<.01).
Amplittude, b-wave (sharp). This value was significantly reduced (P .02) in the eight eyes in which it could be measured. However b-sharp is typicallv rounded off for both D04 and D016 in these abnormal cases.
Amplittide, b-wcave (smooth). This response was significantly r-educed from the nlormals in the methaniol poisoning series (P = <.01). Latency and peak times. The mean a-wave latency is slowed (P -<.05) as is b-wave (n2) latency (P = <.01). The mean latencies for n1, pl, P2 are not significantly slowed. This may mean that the latency values obtained in the methanol poisoned series are similar to the normal and there is a possible slowing of the response between p3 and P4 (b-wave peak time (sharp)). Such a conclusion would be borne out by the similarity of the mean values to the normal range (Table 4a ) and the significant difference from the normal values noted for no (P = <.01), p3 (P = <.05) and p4 P= <.01). However, the mean values for b-wave peak time (smooth) are not significantly different. This would indicate that the response time is within the normal range at this point and there has been a slowing of the response from P2 to p4
Close scrutiny of the tracings does not permit a final conclusion on this basis. The reduction in amplitudes for all parts of the abnormal tracings prevents accurate measurement of n1, Pl, P2, P3, and b-wave peak time (smooth) while the sharper break in the curve allows more exact measurement of n, and p4 (when measurable). This would tend to be borne out by comparison of the standard deviations of the mean values in Tables 4A, 5A Amplitudes. The mean a-wave and b-wave amplitudes in the methyl alcohol series are significantly reduced from the normal mean for all portions of the a-and b-waves (P <.01). The b/a ratio in the normal group was 2.2. In the abnormal group the b/a ratio was 2.6. This indicates that the reduction of the a-wave exceeded that of the b-wave. DR16 (Column 8, Figures 9, 11, 12 ; Column 5, Figure 10 ). The normal response to red light consists of a shallow a-wave (nr) followed by a small corneal positive "hump" (px) followed by a larger corneal "hump" (p,,).
Latency. The a-wave latency cannot be accurately measured in the abnormal records. However b-wave (n.,) latency (P <.05), b-wave peak time (px) and b-wave peak time (p,,) are significantly slowed from the normal mean (P <.01).
Amplitude. The mean amplitudes for a-wave and b-wave (px and p,,) in the methanol group are significantly reduced from the normal means (P <.01).
DB16 (Column 9, Figures 9, 11, 12 Latency. The b-wave latency is significantly slowed for both DB16 and DG16 (P <.01). b-wave peak time (smooth) is also slowed as compared to the normal but the significance is not as marked (P < .05). The standard deviations of both DB16 and DG16 series are much greater than for the normal series, indicating that in both responses b-wave (smooth) peak time may be difficult to measure (Table 6A) .
Amplitude. Both a-and b-wave mean amplitudes are significantly reduced from the normal mean in this series (P <.01). Figure 9 , Row 5; Figure 11 , Row 4.) Figure   11 . Row 2) and August 25, 1960 (Figure 9 , Row 3). Vision was reduced to hand movements on both occasions. The ERG showed some loss of amplitudes over the three-year period.
SUMMARY OF CHANGES IN THE ERG
LATENCY. a-wave latency is measured only for D016 (10 milliseconds/inch). In the abnormal series the mean latency is greater than the normal mean (P = .02). b-wave latencies were significantly greater for the high intensity stimuli L016, D016. The lack of reliable differences at LO1, DOl, and D04 as compared to L016 and D016 is partially attributable to the sharper and more readily definable onset of the b-wave in the latter measurements. This may be confirmed by observing that the standard deviations for LO1, DOI, and D04 are about three times as great as those for the higher intensities.
Latencies n1, pi, p2, P3 are much more reliable in the given order.
The explanation for this is unknown at this time. b-WAVE PEAK TIME. In the abnormal records b-wave peak time (sharp) is difficult to measure because the peak is usually rounded. However, in those few records where measurement is possible there is a significant slowing of the b-wave peak time (sharp) from the normal series (P = < .01). b-wave peak time (smooth) is much more reliably measured at low intensities than high.
AMPLITUDES. Amplitudes in general more reliably differentiate the methanol poisoned group from the controls than do latencies. Mean a-wave amplitudes are significantly reduced from the normal means for all stimuli (P = < .01). Mean b-wave amplitudes (sharp) are significantly reduced for all stimuli (P = < .01) except In a discussion of a paper on macular disease by Jacobson, et al., Noell commented on the reduced a-wave and the b/a ratio which was noticeably increased in a case presented in the paper (a patient with a macular hole, right eye). The discussion pointed out than in animals, pathology which involves the outer limbs is associated with a-wave reduction. 28 Noell, in the same discussion, mentioned the possibility that damage to the pigment epithelium resulted in a-wave abnormalities.
Goodman and Bornschein36 in discussing a case of total color blindness, presented two figures which show the reduction in the a-wave and the increase in the b/a ratio. The authors concluded that the residual a-wave is a pure scotopic component. A later paper37 was more concerned with the positive "hump" late in the a-wave which is especially notable in our normal records in which sweep speed has been changed. Their Figure IIB, In all of these cases, the abnormalities in the ERG are similar to those described for methanol poisoning.
It has been noted and reiterated that the ERG arises from the outer retinal layers and the electroretinographic changes in methanol poisoning are indicative of effects upon these layers. The ophthalmoscopically visible optic nerve atrophy, the pathologically evident ganglion cell damage in retina and brain are degenerative changes which cannot be detected by the ERG.
SUMMARY
Fourteen patients whose vision was affected by methanol intoxication were evaluated by a standard electroretinographic technique. The results were compared with those obtained from a series of normal individuals subjected to similar techniques. The following aberrations from the normal ERG were noted.
(1) Within the limits of measurement, there would appear to be some increase in mean latencies and peak times over those observed in the normal group.
(2) The a-and b-wave amplitudes to all parameters of stimuli are significantly below the normal range. (a) After a variable methanol intake (less than an ounce to more than a pint, apparently depending upon methanol concentration) the individual experiences temporary euphoria, followed by a tendency towards violence, and ending in misery, depression, and somnolence (usually sleeping off the drunk in 10 to 12 hours). The authors noted the marked variation in individual response to the drug. There are substantiated reports in the literature showing individuals who have ingested substantial quantities of methanol with no ill effects. 40'4144 In a discussion one author noted that six Russian workers had imbibed four liters of 40 percent methanol with no symptoms.45 0. Gayer Morgan34 reported on methylated spirit addiction. The author noted that actually methyl alcohol is ingested routinely among society's lower elements. Usually it is mixed with red wine. Wood and Buller40 noted a case of blindness after ingestion of two teaspoonsful of methyl alcohol. Province, Kritzler, and Calhoun44 noted extreme variation in response. They estimated that for every patient treated in the army at least four drank a similar portion and remained unaffected.
(b) Usually the individual will sleep his narcosis off for 10 to 12 hours and upon awakening, drink some water and become intoxicated again.
(c) In those patients suffering from acute poisoning the symptoms begin 18 to 24 hours after ingestion. These symptoms commonly are: visual disturbances, headaches, appearance of shock, dizziness, nausea, and vomiting, severe abdominal pain, general malaise, marked sweating, amnesia, air hunger, peculiar alcohol smell of breath and sweat. Those patients who die usually are severely prostrated to comatose.
They may demonstrate the picture of meningitis with rigidity of neck and back muscles, rigidity of abdominal musculature, hyperactive S10 Electroretinogram in Methyl Alcohol Poisoning 511 tendon reflexes. Many are blind at death. According to the literature those patients die when41 bradycardia is followed by opisthotonos and locked full inspiration with cessation of breathing. All are extremely acidotic and may appear in shock. However, they characteristically have good cardiovascular function, with normal pulse and blood pressure. They are cyanotic. The acidosis of methyl alcohol poisoning is often not accompanied by dyspnea but Kussmaul breathing (deep, sighing) is noted.
(d) In extremis, the patient may assume a position of extreme muscular spasm with severe stretching and convulsions. The abdominal muscles are tight and there may be tenderness over the pancreas which often is involved.41 '43 II. PATHOLOGY No pathologic material has become available during this study. Several authors describe changes in the ganglion cells of the retina as well as changes in the optic nerve.
Pick and Bielschowsky46 described three cases in human beings, all of which were acute. They noted damage to cortex and putamen, spinal cord, Betz cells, and motor neurons. The retina was more severely damaged than the brain. There were no changes in the lateral geniculate body. They noted that the ganglion cells had the nucleus to one side, Nissl's bodies were gone, and the chromatin was clumped. In addition to ganglion cell change they noted a hyperchromicity of the inner nuclear layer.
Birch-Hirschfield47 in 1901 first reported changes in retinal ganglion cells due to methanol. Monkeys undergoing chronic intoxication also showed changes in outer nuclear layer with areas free of nuclei.
Roe48 noted the eccentric position of the nuclei of the ganglion cells in methanol poisoning in patients and generally showed changes which agreed with Pick and Nissl. However, Roe does not believe that actual ganglion cell damage occurs in the experimental animal.
Muller49 examined a patient five hours after death and 18 hours after methanol ingestion and found in both retinae exudation from choroid and retinal vessels; also the pigment epithelium and bipolar cells were damaged.
Orthner50'51 found the main pathologic change in the endothelium of capillaries, demonstrating edema and necrosis. The cerebral cortex and putamen were involved symmetrically. He felt localization of damage was determined by the vascular drainage system. A. D. Ruedemianni, Jr. Fink52 described edema of the retinal ganglion cells in two cases, and he also described disintegration of the rod and cone layer. His experimental work on rabbits and dogs also indicated degeneration of rods and cones. Menne33 described the pathologic changes in two cases. There was marked edema and hyperemia of the optic nerve and retina, marked changes in the ganglion cells, and patchy glial cell proliferation.
A photograph taken from MacDonald53 in Duke-Elder would indicate complete loss of the outer limbs. Again delayed fixation might produce post-mortem autolysis. MacDonald noted marked degeneration of the ganglion cell layers. (Neither Roe48 nor McGregor54 mention the rods and cones.)
The changes in the ganglion cells may well be secondary; however, McGregor's54 very careful analysis would indicate no significant changes in the ganglion cells in four cases which he studied. DeSchweinitz and Friedenwald52 also reported negative findings in animals. Potts, et al.,30 noted only one monkey (out of six) which had ganglion cell changes.
From the histological observations available, it is not possible to state definitely the location of the actual lesion. There are as many authors indicating ganglion cell damage as those who do not. Some believe that rod and cone damage occurs, others believe the observed rod and cone changes to be post-mortem autolysis while still others make no mention of such damage.
III. BIOCHENIISTRY
How does methanol cause such severe visual damage? This problem has received considerable attention over the years. To date, however, the actual process by which methanol is toxic to cells and organism is still a subject of conjecture.
The earliest American reference to methyl alcohol toxicity40 indicates that by the old wood distillation process the wood alcohol was absolutely unpalatable. W;hen methanol was distilled by a newer and cheaper process, it was very similar to ethanol in taste and smell. Gradually, it became widely used in tonics, extracts, liniments, and such (Jamaica ginger, lemon extract, bay ruim, Columbian spirits, witch hazel, "dehorn"). XVood and Buller' made quite a point of the fact that many experts did not feel that methanol was toxic. The experts demonstrated their opinions in rather bizarre fashion and the details as well as some of the experts' opinions are related in their articles. 
